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Ultrasonic techniques have been used to characterize the properties of high T0 and other 
unconventional superconductors. Attenuation and velocity measurements with longitudinal waves have been 
performed on a large single crystal of La^Sro^CuCV Attenuation and velocity signatures have been 
observed at the superconducting transition, 37K, and at 27K. The effects observed at the lower temperature 
are produced by magnetic fluctuations due to an antiferromagnetic transition. Longitudinal ultrasonic 
attenuation and velocity were measured on a single crystal of UPt, in high magnetic fields up to 23 T at 192 
MHz from 2K up to 35K. Below 17 T, an attenuation peak is observed which is associated with the Kondo 
Effect. Above 17K, a large attenuation peak was discovered which is due to a metamagnetic transition 
induced by a crossing of a magnetic energy level with the Fermi Energy. The pontoon technique was used 
to investigate the attenuation of SAW in a single crystal of YBCO and on thin films of YBCO. Peaks in 
attenuation are observed slightly below Tc which were enhanced and moved to lower temperatures by a 
magnetic field. These may be due to melting of the magnetic flux lattice. SAW attenuation and velocity data 
in the films point to a first order phase transition, around 200 K, which may be a structural transition into 
a piezoelectric state. 
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Ultrasonic Characterization of High Tc and Other Unconventional Superconductors 

Moises Levy 

ANNUAL SUMMARY REPORT 

June 1, 1994 to June 30, 1995 

A. Description of Project 

The objectives of this research project are to characterize the properties of high Tc 

superconductors and other unconventional superconductors using ultrasonic techniques in order 

to provide insights into the mechanisms that are responsible for the unusual superconducting 

properties of high Tc superconductors. 

B. Approaches Taken 

Bulk acoustic wave attenuation and velocity measurements as a function of temperature 

and magnetic field have been performed on melt textured and single crystal samples of 

YiBa2Cu307, on a polycrystalline sample of HgBa2Cu04, and on a single crystal of 

Lai.85Sr0.i5CuO4. 

Ultrasonic measurements on UPt3 have been carried out in the high magnetic field facility 

at the Max Planck Institute in Grenoble, France. 

The pontoon technique that was developed to launch surface acoustic waves SAW through 

the surface of platelet shaped single crystals has been extended to launch SAW through films 

deposited on different substrates. 

The resonant ultrasonic spectrometer station has been assembled. Measurements on single 

crystal silicon rectangular parallelopipeds and on single crystal slivers of the electron- 

doped superconductor Nd2.xCexCu04, obtained from Brian Maple, University of California San 

Diego, will be started. 
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C.       Accomplishments 

Ultrasonic attenuation and sound velocity were measured in a single crystal of 

Laj 85Sr015Cu04 with a superconducting transition temperature of 37K that was obtained from 

Professor K. Kitazawa, University of Tokyo. Longitudinal sound waves were sent along the c- 

axis of the crystal at frequencies ranging from 25 MHz up to 305 MHz. As a function of 

temperature, a small peak was observed at around 27K and a large peak at around 37K. These 

two peaks, especially the small one, became more obvious at the higher frequencies. 

Simultaneously the velocity exhibited a drop of about 100 ppm below the superconducting 

transition and a dip at around 27K. From the shape of the velocity changes, it is possible to 

deduce that the 37K transition involves a quadratic coupling between the order parameter and 

the strain, which would be expected for a superconducting transition. The 27K transition 

involves both quadratic and linear coupling. The behavior of the peak in attenuation at 27K is 

consistent with a relaxation mechanism associated with antiferromagnetic fluctuations which 

occur above an antiferromegnetic transition. Measurements in a magnetic field of 1.1 Tesla 

appear to indicate that there is a magnetoelastic interaction threshold at about 200 MHz wherein 

the interaction abruptly increases above this frequency. 

The longitudinal ultrasonic attenuation and velocity were measured on a single crystal of 

UPt3 in high magnetic fields up to 23 T at 192 MHz, from 2K up to 35K. The attenuation peak 

that had been previously observed at about 12K at zero field was found to shift to lower 

temperatures with increasing field up to about 17 T. This attenuation behavior is qualitatively 

consistent with an interaction with a narrow density of states peak, slightly above the Fermi —t Miir; 

surface, which is associated with the Kondo Effect. However, as the magnetic field is increased O 
D 

above 17 T up to 23 T the energy level of the localized magnetic moments crosses the Fermi   '"",__ 

surface producing a metamagnetic transition which results in the observation, for the first time, 

;     ikve j.lal-ilii^ &oüm 

l/i'f 
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of a very large attenuation peak, associated with the crossing of the levels, which overshadows 

the peak associated with the Kondo Effect. 

The pontoon technique, wherein a single crystal platelet is placed as a bridge between 

two LiNb03 substrates overlaid with SAW interdigital electrodes, was used to measure the 

attenuation of 168 MHz SAW in a single crystal of YBCO with a superconductiving transition 

temperature Tc = 88 K. A peak in attenuation was observed at Tc which shifted to lower 

temperatures and became more pronounced in a magnetic field. This peak in attenuation could 

be associated with a melting transition in the flux line lattice in the vortex state of the 

superconductor. 

The pontoon technique was also used to investigate, with 250 MHz SAW, YBCO films 

deposited on LiNb03 substrates, which were too small to have interdigital electrodes deposited 

directly on them. Again, a strongly field dependent attenuation peak was observed below Tc 

which might point to melting of the flux line lattice. 

Both the pontoon technique and conventional 164 MHz SAW delay lines were used to 

study YBCO films around 200 K. Abrupt changes in SAW attenuation and velocity are observed 

at around 200K on cooling and at around 230K on warming. In order to further investigate 

these phenomena, a capacitive technique was developed, wherein interdigital capacitors deposited 

on a glass substrate are brought into close proximity of the films, and the reflection coefficient 

at 260 MHz and 400 MHz of the capacitors is measured as a function of temperature. Changes 

in the dielectric constant of the YBCO films are observed at 200K and 230K. These effects may 

be produced by a first order phase transition to a piezoelectric or ferroelectric crystal structure. 
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